Abstract
Introduction
Internet progress has enabled data exchange between remote collaborators and the multiplication of on-line services. Several platforms of services are available today to support the design, the deployment and the implementation of these services in reduced scales of time. However, users require more exigencies. They dislike to encounter problems while using a service. Such as, waiting for a long time in order to book a room, checking whether the crashed rent car service is restored, searching for services with improved QoS. Therefore, we have to deal with these problems at the design time, and provide a strategy for recovery in order to 978-1-4244-4671-1/09/$25.00 ©2009 IEEE satisfy users requirements. Such systems, have to inspect their behavior and change it when the evaluation indicates that the intended QoS is not achieved, or when a better functionality or performance is required. This implies the need of deploying entities for supervising traffic between web service providers and requesters in order to act for healing or preventing [3] .
Three main steps are distinguished in the self-healing process [1] : Monitoring to extract information about the system health (using knowledge about the system configuration), Diagnosis & Planning to detect degradations and generate repair plans, and Repair to enforce reconfiguration actions in order to heal the system. In this paper, we focus on QoS monitoring of a web service-based application. We are achieving experiments on the cooperative reviewing system which is developed in the framework of the WS-DIAMOND European project. We carry out experiment on the "conference search" web service. The monitoring is carrying out while using monitors-based approach. We present the performance measurement values and analyze experiment results. The measurement is fulfilled under the grid5000 which is an experimental grid platform gathering 3000 nodes over 8 geographically distributed sites in France.
This paper is organized as follows. Section 2 describes our self-healing architecture. Section 3 presents the monitoring framework. Section 4 details experiments and gives concluding remarks. Section 5 presents related works. The last section concludes the paper. Figure 1 shows the different self-healing modules interaction within the dynamically reconfigurable web services bus. The bus offers a flexible framework for invoking services and managing QoS.
Self-Healing Architecture
In the following, we describe the self-healing compo- 
QoS Monitoring Framework

Monitoring Approach
Our Monitoring approach is based on Monitor which is a software entity used to intercept and to enrich SOAP messages with QoS information. A SOAP message is encapsulated in a SOAP Envelop which is divided into two parts: The Header and the Body. The SOAP Body element provides a mechanism for exchanging mandatory information like method name, parameters, and invocation result while the SOAP Header allows extension of SOAP messages [2] . The Monitor intercepts a SOAP message and enriches its Header with QoS information.
In the following:
• t1 represents the time at which the request has been issued by the service requester. It denotes the value of
QoSPI,
• t2 represents the time at which the request has been received by the service provider. It denotes the value of QoSP2,
• t3 represents the time at which the response has been issued by the service provider. It denotes the value of QoSP3, and
• t4 represents the time at which the response has been received by the service requester. It denotes the value of QoSP4.
We interrogate the log and measure QoS values, namely: Scalability: A web service that is scalable, has the ability to not get overloaded by a massive number of parallel requests [6] (see table 3 ).
Conference Management System
The Cooperative Management System is concerned with a multi-services application involving massively cooperating web services. Its architecture aims to ensure data exchange flexibility between system components. It includes three tiers composed of the following components:
Requesters: They are composed of system actors namely: administrators, authors, reviewers and chairmen.
The self-healing com ponents: They manage QoS degradation between each pair of requester/provider.
Web services: They include requester-side and provider-side web services. The requester-side web services are used by requesters to dynamically explore and invoke specific services. Provider-side web services offer functionalities related to cooperative reviewing.
The cooperative reviewing process starts by searching a suitable conference for authors. So, they send requests 978-1-4244-4671-1/09/$25.00 ©2009 IEEE to the ConjSearch web service across the bus looking for appropriate conferences (topics, publisher, deadline, etc.). In this paper, we monitor QoS of the web service based Conference Management System. We interest mainly in the measurement and evaluation of QoS presented in section 3.1 for the ConjSearch web service .
Experimental Environment
To perform QoS tests of the ConjSearch web service, we used the French grid5000. The deployment architecture is shown in figure 2 . The grid5000 is composed of several nodes operating with fedora linux (see table 1 ).
Figure 2. Infrastructure of experiments
The network configuration for the experimental environment is illustrated in table 1. We reserved nodes located in different sites. We run two nodes for servers. The first for CMS web services and the second for the Logging Manager web service. We reserve and run respectively 1, 3, 5, 10,25,50, 75, 100,200,350, and 500 requesters'. We use Apache Tomcat5.5 as a web server, Axis1.4 as a SOAP engine, Java1.5 as a programming language, and MySQL5 as a database management system.
Using unix shell scripts, we can build and run multiple requesters at the same time. Each requester sends SOAP requests to the ConjSearch web service. The requester continuously invokes the services during 10 minutes . The experiments are carried out more than 10 times. Each request will be intercepted four times in order to enrich it with QoS values. Before the response reaches the requester, the RSM runs a thread which logs QoS values. Based on formulas shown in section 4, we interrogate log and compute the response and execution times, as well as availability and throughput. ConfSearch web service for 6193 times in 10 minutes. At 500 concurrent requesters, about 50% ofrequests failed. We remark that the growth of requesters number leads to overload the server and to tum down the performance. However, The execution time value is monotonically increasing while the communication time is varying due to the traffic injected by other users of grid5000. Figure 3 .a displays the communication time variation according to the requester number growth. The curve keeps growing until the level of 100 requesters. After that level, it stills around 1,7 second. The communication time varies between about lOOms for 10 requesters to about 2000ms for 100 requesters. It increases highly with the number of requesters showing the importance of this parameter in response time observed by the requesters. Such information is being analyzed and modelled to support a correct monitoring and diagnosis for this application. Figure 3 .b shows the evolution of the execution time while increasing the requester number. It increases continuously from about 20ms at 1 requester to 120ms at 500 concurrent requesters. The growth of requesters number overloads the service and turns down the performance. Figure 3 .c presents the throughput variation from 1 requester to 500 requesters. It allows us to conclude that the web service can respond at the maximum of about 40 requests per second. This threshold is reached with 25 concurrent requesters and remains stable while the requesters number increases.
We have registered the number of triggered exceptions and erroneous service response. After that, we have drawn 978-1-4244-4671-1/09/$25.00 ©20091EEE up the service availability (see figure 3.d) . We point out that the 1 requester continuous invocation during 10 minutes may trigger 271 exceptions. The service responds to less than 80% of requests if the simultaneous requesters number exceeds 100. We notice that most error responses were related to "connection refused" exceptions, which means that the application server capacity is exceeded in term of scheduling.
We classified the response time in table 3 into different intervals (in seconds): [0, 1] contains requests that took less than 1s, [1, 2] includes requests that took between 1 and 2 s, etc. We divided the number of requests of each interval by the total number of succeeded requests to get the result of the percentage in different time slots. Those percentages depict the scalability of the ConfSearch web service. The first three lines of table 3 show the execution result of 1, 5 and 10 concurrent clients. Approximately, 100% of requests are served in a response time less than 1 second. When we exceed 50 clients, the web service suffers from the big number of concurrent requests and slows down its response time. For instance, about 80% of requests are completed in a response time more than 1 second at 100 and 200 concurrent requesters. We notice that the performance degrades when the number of requesters growth and the availability turns down to about 20% (see figure 3.d) .
In figure 4 , we drew up two curves of the response time.
In the first curve, the measurement is achieved with monitors. In the second one, the measurement is done in the client code and without using monitors. Less than 50 concurrent clients, both curves are similars and the load of con- Requesters number
Request ers number
Figure 3. QoS parameters variation
Load level Requesters <Isee <2see < 3see < 4see < 5see < 6see < 7see < 8see <9see nectors is unimportant and about zero. The delay comes to half second when we exceed 50 concurrent clients. This implies that our architecture is very suitable for a service invoked by less than 50 concurrent requesters at the same time and we have to take into account the added load when we exceed 50 concurrent requesters.
Related Work
EI Saddik [7] addresses the measurement of the scalability and the performance of a web services based e-leam ing system. He carries out experiments on web service based e-Ieaming system under LAN and DSL environment. He uses multi-clients system simulator which runs concurrent threads requesters. EI Saddik interprets collected monitoring data. As a conclusion, he suggests a proxy-based approach for scheduling a massive flow of concurrent requests. But, this delays the problem from the server level to the proxy level. [ 
Table 4. Synthesis of the related work
The work proposed in [5] presents an approach for monitoring performance across network layers as HTTP, TCP, and IP. It aims to detect faults early and reconfigures the system at real time while minimizing the substitution cost. But, the parsing of many layers takes enough time and consumes resources which will affect the performance. In addition, the experiment is fulfilled only under two nodes which will not reflect the behavior of such system in a large scale use.
Authors of [8] propose a framework for QoS measurement. They extend SOAP implementation API in order to measure and log QoS parameters values. The API modification have to be done in both sides: client and provider sides. This automates the performance measurement values. Also, it allows continuously updating information about QoS of services. An experiment is achieved with available services under the net. They run about 200 requests per day during 6 days and measure only the response time. However, this approach is dependent on the SOAP implementation. The extension have to be set up on the provider SOAP implementation which is difficult.
In [6] the authors propose both an evaluation approach for QoS attributes of web service, which is service and provider independent, and a method to analyze web service interactions and extract important QoS information without any knowledge about the service implementation. They implement their monitors using the Aspect Oriented Programming (AOP). They alter the behavior of the code base by applying additional behavior at various join points in the program. However, the aspect language is dependent to the used programming language.
Conclusion
In this paper, we presented our experimental results of a large-scale web service-based application implementing the conference management and the cooperative reviewing 978-1-4244-4671-1/09/$25.00 ©20091EEE
process. This experiment aims to validate the self-healing architecture that we developed in the context ofthe 1ST WS-DIAMOND project. The performance measures how QoS vary under many load conditions, and how to prevent service from QoS degradation.
The monitors load come to 0,5 second when we exceed 50 requesters. Also, when we exceed 50 requesters, the service availability turns down to less than 50%. Consequently, we have to limit the number of concurrent requests addressed to a service to less than 50 requesters.
